Analysis of human flap endonuclease 1 mutants reveals a mechanism to prevent triplet repeat expansion.
Flap endonuclease 1 (FEN1), involved in the joining of Okazaki fragments, has been proposed to restrain DNA repeat sequence expansion, a process associated with aging and disease. Here we analyze properties of human FEN1 having mutations at two conserved glycines (G66S and G242D) causing defects in nuclease activity. Introduction of these mutants into yeast led to sequence expansions. Reconstituting triplet repeat expansion in vitro, we previously found that DNA ligase I promotes expansion, but FEN1 prevents the ligation that forms expanded products. Here we show that among the intermediates that could generate sequence expansion, a bubble is necessary for ligation to produce the expansion product. Severe exonuclease defects in the mutant FEN1 suggested that the inability to degrade bubbles exonucleolytically leads to expansion. However, even wild type FEN1 exonuclease cannot compete with DNA ligase I to degrade a bubble structure before it can be ligated. Instead, we propose that FEN1 suppresses sequence expansion by degrading flaps that equilibrate with bubbles, thereby reducing bubble concentration. In this way FEN1 employs endonuclease rather than exonuclease to prevent expansions. A model is presented describing the roles of DNA structure, DNA ligase I, and FEN1 in sequence expansion.